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- .
There hus been much interest in an all solid-stete battery certain experiments, the film covered anode Is then withdrawn 3"
‘ incorporating a polymer elcctrolyte (PE). Polymer electrolytes of from the bulk electrolyte. Longer setting times give thicker films. +.°
:} most current interest are composed of polyethylene or poly- In experiments which use very thin cells, e.g., 0.025 em, the .
o propylene oxide (PEO or PP0O) and mhLum salts (1-5). These polymerization continues across the cntire cell snd the con- -
clectrolytes have conductivities of ~1079 S/em at temperatures duclivity measurements are made on the PE in the synthesls cell. RS
¥ bctween 55 and 85°C. %
x In pest work on liquid electrolytes for secondary LI EC Cells Used in PE Synthesis.—Cell [ is illustrative of the
batteries, we obscrved that samples of dioxolane containing LiAsPg cclls used in po(enuoslaiii initlation experiments. The cell r
- appeared to spontaneously polymerize giving an optically clest consists of a prismetic glass container demwxlemdx6em .
-{‘: lymeric material. The expected structure of this polymer h) containing SS working and counter electrodes, and a Li reference ot
10 (-CHaCH40CH0-),] contains the -C-C-O sequence that occurs In elcctrode, After polymerization, the working electrode (anode) is G
* PEO (8) and therefore might be expected to form complexes with removed from the cell and the PE can be isolated from the o h
:t' alkall metal salts. It was later observed that LiAsFg/dioxolane substrate. If the cell is allowed to set for & long period of time )
- solutions could be stabilized by treatment with Li. Such samples after initiation (c.g., a day) and before electrode removal, then N
= remained liquid at 70°C but would polymerize rapidly when exposed much of the electrolyte may become gelled even across a 1 cm y
to alr. 1t was proposed that the polymerization was Initiated by cell. Generally films made in this manner were removed from the _
- oxidstion which produced the carbocation initiators typlcally cell shortly after initiation and were ~0.1 ecm thick. .
- implicated in dloxolane polymerization (6), A recent patent relates In 8 second cell, Cell 11, the thickness of the film produced . .’
W that acid also Is an Initiator for such polymerization and that Is controlled by the thickness of the cell. This cell consists of two .-
Ni treatment with base Is also stabilizing (7). heavy SS electrodes separated by a U-shaped polymer spacer, ‘o
o The sbove observations suggest that the polymerization of typically 0,025 em thick, that serves to define the cell thickness, ot
Pt the stabilized [iAsFg/dioxolane might be Initlsted by electro- to insulate one electrode from the other, and to contain the Hquid o
Py chemical (EC) oxidatfon producing the required acid and carbo- electrolyte prior to polymerization. This cell gives thin PE films 27
: cation Initistors. Thus a PE might be formed in situ allowing and additionally serves as an AC conductivity cell for PE's formed E
2 improved Interfacial contact with electrode materfals, the forma- in it -
" tion of very thin electrolyte films on electrodes, and the addition i
& of electrolyte to the cell late in assembly. Hereln is reported RESULTS AND DISCUSSION .:_-.:
N preliminary studies of the formation and conductivity of the N
o polydioxolane/LiAsFg polymer electrolyte, Precursor Electrolyte Preparation.—Solutions of LiAsPg in ‘™)
Y dioxolane were prepared in several concentrations {1.0-2.5 m Iy
oy EXPERIMENTAL {molal)] with saturation at ~3.3m (~2.9M) at rt. The sponteneous 7
- polymerization observed in earlier work was not apparent. This ‘..W'
4 The synthesis of the polymer electrolytes and cell con- may be due to the special efforts made to exclude impurities, e
R struction were carried out under an Ar atmosphere. The dioxolane however, the dioxolane used was of higher quality as purchased ..
.t (Aldrich, gold label) was distilled from sodium benzophenone ketyl. (Aldrich gold label) than that used previously (Aldrich 99%). The .-
o The LiAsPg (U.S. Steel Agrichemicals) was used as received. The solutions appeared stable at rt for days (or even weeks) even after Ry
. electrolytes were made using cooled dioxolane containing LI metal brief exposure to air. Nt
» as an acld and carbocation scavenger. : N
‘ Some Initial AC conductivities were done using an Im- Chemical Preparation of the PE.—DDQ was added to 2.5m =™
pedance bridge (Gen Rad 1650-B). Subsequently the tivities LiAsFg In dioxolane giving polymerization in 2 h. Although the _
> were calculated from complex Impedance plots using the real polymerization was rapid, the polymer was not examined for more &,
> component values at imaginary component minima (8). Measure- than 24 h, after which time the polymerization was essentlally
ments were made over a 50 Hz to 100 kHz range with a lock-in complete. The PE was found to be rubber-like, l.e., deforming
amplifier (PAR 5204) using a method similar to one previously under an applied load and recovering its original shape when the
X described (9.  The cell consisted of two stainless steel (SS) load was removed. It was difficult to cut even with a razor knife.
< electrodes held in contact with the PE. DC conductivities were The PE dissolved slowly In tetrahydrofuran (THF) but was ap-
i measwred between two Li foil electrodes supporied on metal purcntly Insoluble In diethyl ether. When hested the PE softened
. substrates, The cell was cycled at constant current and the as heated (up to 80°) but retsined Its rubbery nature.
b conductivity calculated from the plsteau voltages measured. The AC conductivities of this material, at the amblent and
-:: clevated temperetures, sre shown in Table 1. The conductivities °.-
» PE Lgnunm.-m PE was synthesized using chemical and EC increase with increasing temperature due, at least in part, to the {
& initiation: decreasing viscosity of the polymer. Similar measurements were ..
< Chemical oxidation Initiation.—A trace amount of dichlorodicyano made using PE formed in a like manner from 2.0m LiAsPg in .
benzoquinone (DDQ) (10-20 mg) was added to § ml of 2.5m LiAsPg dioxolane. The PE appesred softer and the conduetivity values '
in dioxolane. The solution became orange due to the DDQ but no were generally greater. An additional reaction using 1.0m LiAsPg P‘l
immediate reaction was observed. After 2 h at rt, the solution was clectrolyte gave even a softer PE and higher conductivities, The -
- polymerized. Longer times gave polymers with Increased rigidity. increase In conductivity with decrease in salt concentration may e
-~ EC oxidation initiation.—The general technique is to apply a result from the lowered viscosity, i.e., molecular weight, of the .
>, current or voltage pulse between SS electrodes. At 3.0-3.2V (vs, polymer formed. This would (mply that LiAsFg promotes poly-  “-.
:. Li), see Fig. 1, the dioxolanc is oxidized at the snode and Li pluted merization and that the degree of polymerization Is nton .-
o' at the cathode. This initintes the growth of polymer at the anode. LiAsFg concentration. On the other hand, dioxolane polymerizes
-’ The cell is allowed to set for a mcasured perfod of time and, In reudily us a result of chemical Inltiation in the absence of any salt o0
(6). Thus the diffcrences in viscosity may be due 1o other factors, -
FElccirochemical Soclety Active Member such as the degree of sall complexation. Polymerization may elso <~
: Key Words: polymer, electrolyte, dioxolane, battery be initiated by oxygen and heat. When this occurs, the precursor N
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'i-,lccu:ol;le contalning the most LiAsFg again glves the most rigid
and rubber-like polymer.

Tuble 1. AC and DC* Conductivities (S/em) of
LiAsFg/Dioxolune Solutions Polymerized using DDQ

Temp. 2.5m LiAsFg 2.0m LiAsFg 1.0m LiAsFg

" 2 x 1078 10 x 1078 0 x 1078
(1 x 10°%) ( 3x106 (30 x 10°8)

40°C 10 x 1076 30 x 10-6 -

50°C 30 x 10°6 - -

60°C 100 x 106 100 x 10-8 -

3PC in parentheses

EC Preparation of The PE.—~The EC oxidation of dioxolane
can be seen in Figure | which shows the eycllie voltammetrie
evaluation of LiAsFg/dioxolane electrolyte at its oxidative limit.
Using a freshly polls?ned clectrode, the first sweep shows appreci-
able currents due to the oxidation of dioxolane. However, on
subsequent sweeps the oxidative currents are greatly diminished,
The lessened currents are, of course, due to the polymer film
protecting the bulk electrolyte from further oxidation.

In the initial preparations of the PE, the PE was formed in
a cell (Cell I} contxining liquid electrolyte in excess of the amount
that would be incorporated into the PE film. Polymerizations were
typically initiated potentiostatically, with the polymerization being
terminated by the removal of the snode from the cell. In a typical
preparation, polymerization was initiated in a 2.5m precursor
solution by potentiostating the anode at 3.5V (vs. Li) for 15 s.
During this time, the current jumped to ~30 mA and decreased to
2 mA. The anode was immediately removed from the cell and was
covered with a 0.1 em PE film. The film, when removed from the
substrate, is transparent and flexible. Similar preparations were
done using 2.0m precursor clectrolyte using 3.0 and 3.5V initiation
potentials (2.5V gave no polymerization). At rt, these films had AC
conductivities in the range 6-8 x 10°% _S/cm with the DC
conductivities somewhat decreased (3 x 1078 Sfem).

It seems likely that the presence of residual volatile specles
would have a significant positive effect on conductivity. There-
fore, films similar to those above were prepared and held under
vacuum for 1 hour, the conductivities observed were the same as
those quoted above.

The conductivities of the PE films formed ' using EC
initiation are comparable in magnitude to those prepared using
DDQ Initiation, see Tadle 1, with the AC conductivities generally
farger than the DC conductivitles, The smaller values of the DC
conductlvities rcflects the contribution of Li fon transport to the
total conductivity and the resistance at the LI/PE Interface. The
conductivities observed are somewhat greater than those observed
for PEO and PPO polymer electrolytes (1) :

Improved PE flims could be made using a thin cell In which
the PE is allowed to completely fill the cell (Cell 1). Moreover,
this thin cell could then be used as a conductivity cell as well
Polymerizations were initlated galvanostatically and the progress
of the polymerization followed by monitoring the resistance (from
complex impedance measurements) across the cell. The resulls
using & 0.025 cm cell are shown in Figure 3. The conductlvity of
tho clectrolyte drops rapidly Immediately after initiation and ap-
prosches a plateau at 24 h. The resulting film _Js transparent and
elastic; and has an AC conductivity of 3 x 107° S/em,

Conductivity values were measured as a function of temp-
eult!"e up to 100°C, The conductivity at this temperature was 7
% 10~4 S/em with good short term thermal stability indicated by
the reproducibility of conductivities remeasured at lower temp-
crstures. As the PE is heated it appesrs to soften at 60°C with
melting occurring In the range 120-130°C., At this temperature
dl‘sco'l'onllon occurs, presumably due to the thermal Instability of
L A' .o
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